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Outline of discussion topicsOutline of discussion topics

• Expected laser performance in power, stability (amplitude 
and phase).

• What can be done and what may become available in laser 
pulse shaping? 

• What are the open problems to realizing SRF guns of high-
current? 

• What performance can we expect from the gun? 
• Reliability of accelerator design codes. 
• ERL merger issues 
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A list of the talks A list of the talks 

• Triveni Rao: The photocathode scenario and laser requirements
• Hiromitsu Tomizawa: Laser pulse shaping experiments
• Yuelin Li: Schemes of arbitrary laser pulse shaping 
• James Rosenzweig: Ultra short initial laser pulse drives to ellipsoid 

electron bunch at the end

• Mike Cole: The ½ cell superconducting gun design and status
• Ram Calaga: HOM, multipactoring and coupling in the ½ cell gun
• Jacek Sekutowicz: What field performance can we expect from the gun.

• Sergey Kurennoy: The reliability and accuracy of PARMELA for RF guns
• Xiangyun Chang: Performance of the electron cooler gun
• Jorg Kewisch: Optimization of gun parameters
• Dimitre Dimitrov: Initial 3D Electromagnetic RF Gun Simulations with 

VORPAL
• James Rosenzweig: One of the possible scenario of a halo formation.
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Laser chargesLaser charges

• What are the laser issues for the photocathode?
– Assuming CsK2Sb type cathode
– Assuming diamond amplified cathode

• What laser development work is needed?
• What are the current capabilities of laser pulse shaping?
• What are the prospects of arbitrary transverse -

longitudinal laser pulse shaping?
• What are the necessary developments in laser shaping?
• What instrumentation will be needed?
• What needs to be done on instrumentation?
• Develop an R&D plan.
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Weeks/days/
Hours

System limited60 nC1 mA/mm22/32 mA
@ 25% DF

9% @ 352 nm/
~10%@532 nm

Days?5 nC0.8 mA/mm250 mA>10%

LifetimeUniformityChargeCurrent densityCurrentQE

CsK2Sb cathode

Photocathode Research

Cathode with Diamond Amplifier

??8 mA/mm20.6 mA>50

<0.4 ev30 ps1 mA/mm250 mA100

Energy spreadBunch lengthCurrent densityMax currentGain

Cathode Research Directions
Bialkali Cathode: QE, Life time, Operation at High Current, Low Temperature, Contamination
Diamond Amplifier: Response time, Energy spread, Operation at High Current, Low temperature, Capsule
Interface: To Gun, To Diamond amplifier
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Laser Research

Commercial Lasers can meet power and stability requirements

Frequency regime needs research

Fiber laser may be a viable option for future

Several beam shaping techniques are available

Laser Research Directions

Establish tolerances
Establish Minimum Emittance Needed and corresponding laser profile
Research on Beam Shaping techniques
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Laser issuesLaser issues

• Photon budget and QE
– 10% QE acceptable, with 70% transport/QE loss
– Lifetime needs to be understood, compensated (consistent w/10% 

assumption?)
– Bi-alkali is plan A (conservative)
– Diamond/secondary emission is plan B 

• Research plan is detailed for success <2 years for ERL operations
• Answer should be ready for decision on cooling, with +overhead in time 
• Commercial 5W uv system available (bi-alkali case OK) 355 nm 3rd 

harmonic (YAG)
• Pulse length 5 psec in uv FWHM
• Fiber lasers can add photon budget overhead? Not yet commercially 

available, but labs are working hard (LLNL)
• Cost <800$k



RHIC ERHIC E--cooling  Collaboration Workshop, May 24cooling  Collaboration Workshop, May 24--26, 200626, 2006

Laser issuesLaser issues

• Transverse pulse shaping methods 
– Measure electron distribution, not just laser
– Must be consistent with longitudinally smooth laser
– Interested in uniform and ellipsoidal projection distributions

• Evaluate insertion losses 
– Deformable mirror <20% in UV 

• Laser stability and pulse shape time evolution must be 
consistent

• Dynamic beam optimization based on ultra-short beam, 
relying on space-charge was discussed 
– 1st experiments at Frascati (UCLA) 
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Laser issuesLaser issues

• Longitudinal pulse shaping methods
– More simulation to specify advantages in pulse shaping

• Include temporal delay, temperatures, non-uniformity
• Develop tolerance budget
• Evaluate alternate schemes (ellipsoids…)

– Are they consistent with photon budgets? 

• For beer can, solutions go before amplification: 
– DAZZLER integrates into intelligent system

• Need to evaluate suitability for application
– Undercompression

• Pulse-stacker post-amplification (20% insertion loss)
– Ellipsoid solutions in uv (wait for higher QE)
– Fiber bundle (high risk, 20% insertion loss)
– Laser beam quality and handling 
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Laser: conclusionsLaser: conclusions

• Laser time structure is very relaxed compared to ultra-high 
brightness photoinjectors
– Many manipulations are easier

• Average current demands are difficult
– Photon budget is difficult w/o diamond cathodes
– Fiber lasers should be examined more thoroughly

• Methods for transverse shaping/uniformity MUST be 
included in laser development

• Longitudinal shaping has difficulties; must examine risks and 
benefits
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SRF Gun chargesSRF Gun charges

• What is the performance expected of the SRF gun and at 
what level of confidence?

• Develop an R&D plan
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SRF 1/2 SRF 1/2 -- CELL GUN & ISSUESCELL GUN & ISSUES
Rama CalagaRama Calaga
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SRF 1/2 SRF 1/2 -- CELL GUN & ISSUESCELL GUN & ISSUES
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SRF gun design issuesSRF gun design issues

• E=60 MV/m peak field and Q=1010 in SRF cavities demonstrated
– 100 MV/m peak observed
– < 30 MV/m field 

• RF Photocathode un design issues
– Overall, Nb gun maintains field gradients
– Compensation solenoid magnetic field at the SRF Gun surface is important
– Cesium (multi-alkali) cathodes in SRF gun still must be demonstrated
– Choke joint demonstrated @ 150% (grooves)
– Nb cryogenic tests to be completed

• RF coupler
– Probable limit on power in gun
– Quadrupole fields from coupler and effects on the beam need to be 

evaluated
– Mitigation methods: quadrupole symmetrization, coaxial coupler

• HOM analysis
– No problems anticipated, evaluation should be completed
– Coaxial coupler may introduce problems
– Ferrite-based solutions 
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Beam Dynamics ChargesBeam Dynamics Charges

• What improvements can be expected in the beam brightness?
• What is the current simulated best performance for emittance vs. 

charge?
• What are the uncertainties in the simulation of emittance of the 

electron beam?
• How good is the comparison between simulation and experimental 

measurements?
• What experimental measurements should be done?
• What improvements are needed in the simulation codes?
• What instrumentation will be needed?
• What needs to be done on instrumentation?
• What do we know about halo generation?
• What needs to be done in the halo area?
• Develop an R&D plan.
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The beam quality at The beam quality at linaclinac exit is sufficient for RHIC electron cooling (from simulation)exit is sufficient for RHIC electron cooling (from simulation)
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• The beam quality is actually better than what is indicated by the emittance parameter. The 
“core” emittance is much better for the case of Gaussian distribution laser. The cooling 
force simulation should be done using the “real” distribution from the electron beam 
simulation. 

Gaussian Beer can
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Beam Dynamics issuesBeam Dynamics issues

• PARMELA does good job (excepting bends)
– Experimental benchmarking of PARMELA is often very good, 

depends on problem
– LLNL PARMELA support is in doubt

• Understand beam dynamics in bends (beyond 
PARMELA)

• Examine existing and developing codes (push IMPACT-
T?)
– Benchmarking PARMELA and IMPACT-T (with CSR)

• Develop and use PIC approach, e.g. VORPAL
– 3D problems especially

• Quadrupole fields from couplers effect on beam 
dynamics must be evaluated
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Beam dynamics (cont.)Beam dynamics (cont.)

• Near cathode dynamics in codes need to be understood
• Examine space-charge contribution to bunch lengthening, shaping

– Potential Preconstruction Z-bend experiment on existing system (Zeuthen, 
FNAL, LANL)

– Scaling with physical parameters of beam, Z-bend
– Benchmark codes

• 5 nC gives 2.5x3.0 large advantages
• mm-mrad w/beer can, ellipsoid gives 2x2.5
• Uncertainties driven by unknown imperfections, poor understanding of 

bends
• Impact of thermal emittance on design “envelope” should be examined
• Simulation of errors

– Tolerance budget development
• Halo generation is possible, need to examine entire 

accelerator/transporT
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ConclusionConclusion

• Thanks to the working group for 
stimulated all discussion 


